» i:j intern ational application published under the PATENT COOPERATION TREATY iPCT) 



( 19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
I August 2002 (01.08.2002) 




PCT 



lilllllllllllllll 

(10) International Publication Number 

WO 02/059052 Al 



i5I) International Patent Classification": 

-1/02. 



(21) International Application Number: PCI7USOI/-151 10 

(22) International Filing Date: 3 December 200 1 (03.12.2001 ) 

(25) Filing Language: Engiish 

(26) Publication Language: 



C03C 3/095. (81 ) Designated States t national r. AE. AG. AL. AM. AT. AU. 

AZ. 3A. 3B. BG. SR. 3 Y. 3Z. C.A. CH. CN. CO. CR. CU. 
CZ. DE DK. DM. DZ. EC EE. ES. FT. GB. GD. GE. GH. 
GM. HR. HU. rD. rL. IN. IS. JP. KE. KG. KR KR. KZ, LC. 
LK. LR. LS. LT. LU. LV. MA. MD. MG. MK. MN. MW. 
MX. MZ. NO. NZ. OM. PH. PL. PT. RO. RU. SD. SE. SG. 
SI. SK. SL. TL TM. TR. TT. TZ. UA. UG. US. UZ. VN. 
YU. ZA. ZW. 



(30) Priority Data: 

09/706.073 



tinansn 



January 2001 : 23.0 1.200 1 ; LS 



("1) Applicanr (for ail designated States -:xceat CSt:. 
GUARD LAN INDUSTRIES CORP. US/USl: 2300 
Harmon Road. Aunum Mil is. Vfl -8320- \ 7 U . L'S i. 

(72) Inventors; and 

(75) Inventors/Applicants -.for L'S onivi: LAN DA. Ksenia, 

A. [ILL'S]: X7U Beiievue Rout:. Gross* lie. Ml -3133 
■ L r S>. LANDA. Leonid. >!. [IL'USj: 371-1 Beiievue 
Road. Grosse fie. MI iSl38 1US1. THOiMSEN. Scott. 
V. iL'S/L'Sj: 4598 Windswept Drive. Mil tori. \tt 4*330 
iLSi. LONGOBARDO. Anthony, V. [US/US |. 5050 East 
Dean Road. Howeii. MT -S843 iUSi. 



(84) Designated States '.regional): ARIPO patent (GH. GM. 
KR LS. MW. MZ SD. SL. SZ. TZ. UG. ZM. ZW), 
Eurasian patent (AM. .AZ. 3Y. KG. KZ. MD. RU. TJ. TM), 
European patent (AT. BE. CH. CY. DE. DK. ES. FT. FR, 
GB. GR. IE. IT. LL*. MC. NT. PT. Sc. TR;. OA PI patent 
(BF 3J. CF. CG. CI. CM. GA. GN. GQ. GW. ML. MR. 
NE. SN. TD. TGj. 



Published: 

— with international search report 

— before the expiration of the time iima for amending the 
claims ana to be republished in the event of receipt of 
amendments 

For nvch 'ietter codes and other abbreviations, refer to the "Quid' 
ance Notes on Codes and Abbreviations" appearing at ihe begin- 
ning of each regular issue of the PCT Gazette. 



Agent: RHO.A. Joseph. A.; Nixon £ ^andernye PC.. 

Suite-SOOHiOO North Glebe-Road— ATtingconr V7\ ~ZQ{- 

4714 > L'S 



un 

— - - 

(54) Title: GREY GLASS COMPOSITION INCLUDING ERBIUM 

^ <5~) Abstract: A grey glass composition employing as its colorant portion at least iron iFeOyFeOi and erbium i ErO:). and also 
preferably selenium and cobait. An exemplary colorant portion for use in a glass composition (with a soda lime silica or other 
w suitable hase gia.vs) includes, by weight percentage: Totai iron jexpressed as Fe : G:): 0.35 lo 0.50 Er : 0;: 0.50 :o 1.20 Se: 
^ U.OOO: :o O.tJOlO Co;G.. 0.0007 so 0.UO18 «>. TiO : : 0.0 to 0.\5 c7 t>. 3 : 0 ; ; 0.0 to L5 The resulting giass may exhibit high 
^ vtsihie xansmmance «L:a). whiie at :he same :ime low l"Y and fR transmiuance. 



WO o:;t)59o5: PCT/USUM5I10 

1 . 

GREY GLASS COMPOSITION" INCLUDING ERBIUM 

This invention relates to grey glass compositions and methods of making the 
same. More particularly, this invention relates to erbium-containing grey giass 
compositions having low light trans mi nance in the LTV (ultraviolet) and IR 
(infrared) ranges and high light transmi trance in the visible range. Such glass 
compositions are thus useful for example, in windows and windshields in the 
automotive industry and also in architectural applications. 

BACKGROUND OF THE INVENTION 

The automotive industry, for a number of years, has desired glass of the color 
grey (sometimes called "neutral grey") for automotive window applications. At the 
same time, it is also desirable for transmission in the UV and IR ranges of the light 
spectrum to be minimized. Moreover, certain Governmental regulations in the 
automotive industry have been known to require that visible light transmitrance be 
at least 70% in certain vehicular windows when provided by the original equipment 
manufacturer of the vehicle (e.g. GM. Ford Chrysler etc.) in the U.S.A. 
Accordingly, there exists a need in the automotive industry for a glass which 
achieves these properties (a similar need may also exist in other industries such as 
the architectural-glass industry-)-. 

A glass window or other glass article is said to have the desirable color 
"grey" when it has a dominant wavelength of from 435 nm to 570 nm (this 
dominant wavelength range defines the color "grey" herein). Moreover, grey glass 
preferably has an excitation purity of less than about 4.5%. In certain embodiments, 
it may be preferable to have a dominant wavelength of from 470 nm to 570 nm, or 
even from 480-560 nm, with purity of from about 0.2 to 4.5?o. 

While giass having "grey" color is often desirable, there sometimes also 
exists a need or desire to achieve certain levels of light iransmission defined 
conventionally by: 

Lta as visible light transmission. 
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(JV as ultraviolet light transmission, and 

IR as infrared light transmission. 
Glass thickness ranges of from about 1-6 nr^m, more preferably from about 3- 
4 mm, are typically used when measuring the aforesaid characteristics. These 
thickness ranges are generally recognized as conventional thicknesses for glass 
sheets made by the float glass process, as well as recognized thickness ranges in the 
automotive industry. 

For automotive windows (including windshields) ii is often desirable for 
glass to have one or more of the following characteristics at any or all of the 
aforesaid thicknesses; 

Lea: at least about 70% 

UV; no greater than about 43 % ? more preferably no 
greater than 40% 

IR: no greater than about 46%, more preferably 
no greater than about 42% 

Classically formulated grey glasses often include low levels of iron (i.e.. less 
~than~0.2% toisd iron;) along with-cobait- and-niekei -oxides . - U-rtfonunateLv, _while_this_ 
type of glass may achieve satisfactory coloration in certain instances, it typically 
suffers from undesirable solar characteristics. Certain nickel-free grey glasses 
combine selenium (Se) and cobalt (Co) oxide with iron oxide, but also suffer from 
poor solar performance characteristics. 

Certain known green solar control float glasses are formulated so as to 
achieve desirable solar characteristics due in large part to their use of large 
quantities of total iron (e.g., 0.60 to 0.34% coral iron). Unfortunately, the green 
coloration of such glasses does not always harmonize well with certain exterior 
automotive paints and tends to sometimes affect vehicle interiors when viewed 
through the glass. 



Commonly owned EP i 041 050 ;'see also U.S. Serial No. 09/277.749) 
discloses a srev glass comDosidon caoabie of achieving che aforesaid 
characteristics, including the desirabie coior grey. In particular. EP 1 041 050 
discloses a grey giass with a colorant portion including 0.5-0.3% cocal iron 
(expressed as Fe 2 0 3 ), 0.5-3.0% Er 2 03, and 0.0-1.0% Ti0 2 . Moreover, the coiorant 
portion is said to be "substantially free of selenium" (Se) and "substantially free of 
cobalt" (Co). While the grey glass of EP i 041 050 is an excellent glass, it is 
sometimes undesirable in that it requires much of the very expensive erbium oxide 
(E^Os). Rather large amounts of total iron (expressed as Fe : O:0 are also required in 
many examples. 

U.S. Patenc No. 5.264.400 discloses a bronze giass including 0.2 co 3% by 
weight erbium (Er) in the form of Er : 0 3 . Small amounts of Se and/or Co are also 
present in certain examples. Unfortunately, the glasses of the '400 patent ore 
bronze, not grey. This is evidenced by the dominant wavelengths in Table 2 of the 
'400 patent, which are all above 570 run. Moreover, the erbium-inclusive glasses of 
Examples 1-9 of the '400 patent require large amounts of cerium (Ceh i.e., 0.40% 
and greater. Such high amounts of cerium are undesirable. Instead it would be 
desirable if cerium could be avoided in such large doses for the following reason. 
-Iron-is- often -introdueed-intQ g-ias-s-in-tiie-form-of Fe^Gsrpan-of^vbiefe-is-rediieedrtQ- - 
FeO to achieve low IR transmittance values. Cerium, often introduced into glass in 
the form of Ce(>, is known to oxidize divalent iron (Fe A+ ) to divalent iron (Fe J *) 
either directly or in combination other reducing agent(s) present in the giass melt 
Therefore, coexistence of iron oxide and cerium oxide will inevitably lead to a 
decrease in the concentration of FeO in the glass and thus will reduce the IR 
absorbing power of the glass. 

In view of the above, it is apparent that there exists a need in the art for a 
new ^[ass comoosition which overcomes the above oroblems while achieving one 
or more of desired grey color and desired solar management property(ies) of the 
particular industry in which it is to be used. 



SUMMARY OF THE INVENTION 

An object of this invention is co provide a grey glass (i.e., having a dominant 
wavelength of from 435nm to 570 am) including a colorant portion which may 
include from 0.50 to 1.20 %, by weight, erbium oxide (EX2O3), and from about 0.35 
to 0.50%, by weight, total iron (expressed as Fe20 3 ). 

Another object of this invention is to provide a colorant portion for use in a 
glass composition (with a soda lime silica or other suitable base glass), the colorant 
portion comprising (or consisting essentially of in certain embodiments), by weight 
percentage: 

total iron (expressed as Fe : 0 3 ): 0.35 co 0.50 % 

Er : 0 3 : 0.50 to 1.20^ 

Se (including FeSe herein): 0.0002 to 0.0010 % 

C03O4 (including CoO herein; 0.0007 to 0.0013 % 

Ti0 2 : 0.0 co 0.15 % 

B 2 0 3 : 0.0 co 1.5 % 

Generally speaking, certain embodiments of this invention fulfill one or more 
of the aforesaid objects and/or needs by providing a grey colored glass composition 

_comprising: t 

a base glass portion comprising: 



Insredient 


wt. % 


Si0 3 


67-75 % 


Na 2 0 


10-20% 


CaO 


5-15% 


MgO 


0-5 % 


A1 2 0 3 


0-5% 


K 2 0 


0-5 % 


BaO 


0-1 % 



and a colorant portion consisting essentially of: 



total iron (expressed as Fe : 0:,» 0.35 to 0.50 % 

Er 2 0 3 0.50 to 1.20 % 

Se 0.0002 to 0.0010 % 

C03O4 0.0007 to 0.0013 % 

5 Ti0 2 0.0 to 0.15% 

B 2 0 3 0.0 to 1.5% 



wherein the grey colored glass has a dominant wavelength in the range of 
from 435 nm to 570 nm. In certain exemplary embodiments, the glass composition 
is substantially free of cerium and/or nickel. However, in certain embodiments, the 
10 amount of Se may be from 0.0 to 0.00 1 0%. 

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF 

THIS INVENTION 

Grey glasses according to different embodiments of this invention may be 
used, for example, in the automotive industry (e.g.. windshields, backlites. side 
15 windows, etc.), in architectural applications, and in other suitable applications. 

Certain glasses according to this invention utilize soda-iime-silica flat glass as cheir 

bas e composiuon/gkss,_to_which is then added certain ing redien ts making up a unique 

colorant portion. An exemplary soda-iime-silica base glass according to certain 
embodiments of this invention, on a weight percentage basis, includes the following basic 
20 ingredients: 

TABLE 1: EXEMPLARY BASE GLASS 



Ingredient Wt. % 

Sia 67 - 75 % 

Na 2 0 10 - 20 % 

25 CaO 5 - 15 % 

MgO 0-5% 

AI2O3 0-5% 

K : 0 0-5 % 
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BaO 0 - i % 

Other minor ingredients, mcluding various conventional and refining aids, such as 
SO3, carbon, and die like may also be included in che base glass. In certain 
embodiments, for example, glass herein may be made from batch raw materials 
silica sancL soda ash, dolomite, limestone, with the use of salt cake (SO2) and/or 
Epsom salts (e.g., about a 1:1 combination of both) as refining agents. Reducing 
agent(s) such as Si (metallic), Si, silicon monoxide, SiCX sucrose, and/or carbon 
may also be used. Preferably, soda-iime-siiica base glasses herein include by 
weight from about 10-15% Na 2 0 and from about 6-12% CaO. While a soda-iime- 
siiica base glass set forth above is preferred in certain embodiments of this 
invention, this invention is not so limited. Thus, other base glasses (e.g.. 
borosilicate glass) may instead be employed in alternative embodiments. 

To the base glass (e.g., see Table 1 abovej, the instant invention adds a 
colorant portion which causes the resulting glass to be grey in coior (i.e.. dominant 
wavelength of from 435nm to 570 run) and achieve desirable solar management 
properties (e.g.. low UV and IR transmission coupled with high visible 
transmission). In certain preferred embodiments, the resulting grey glass has a 
dominant wavelength of from 480 nm - 560 nm (nanometers). Moreover, the 
resulting glass preferably has an eYcitatioh puoty (Pe ) iTo"gfeaterthan~about 4.5%; 
and most preferably from 0.2% to 4.5%. 

In certain embodiments of this invention, an exemplary colorant portion that 
is added to the base glass is substantially free of cerium and nickel (i.e., no more 
than 0.0030% Ce, CeO ; and/or CeO~, and no more than 0.0010% Ni and/or NiO), 
and is characterized as set forth in Table 2 below (in terms of weight percentage of 
the total glass composition): 

TABLE 2: EXEMPLARY COLORANT PORTION 



Ingredient Wt.% 
Total iron (expressed as Fe 2 0 3 ) 0.35 - 0,50 % 



Er : 0 3 



0.50-1.20 % 



0.0002 - 0.0009 % 



Co,0 



■x 



0.0005-0.0015 % 



TiO^ 



0.0-0.7% 
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B-0 3 



0.0-2.0% 



In certain more preferred embodiments, the colorant portion may include 
from 0.0002 - 0.0007 % Se, from 0.0007 - 0.0015 % Co 3 Oa, from 0.0 - 0. 10 % 
Ti0 2 , and/or from 0.0 to 1.0 % B 2 0 3 (sometimes from 0.25 - 1.0% weight % B 2 0 3 ). 
In certain embodiments of this invention, the coioranr portion is substantially free of 

10 other colorancs (other than potentially trace amounts) so that the colorant portion 
consists essentially of the above ingredients. However, it should be appreciated that 
small amounts of other materials (e.g., refining aids, melting aids, and/or impurities) 
may be present in the glass such as chromium, manganese, molybdenum, chlorine, 
zinc, zirconium. SL sulfur, fluorine, lithium and strontium, without taking away 

15 from the purpose(s) and goal(s) of the instant invention. 

The total amount of iron present in the glass and in the colorant portion 
thereof is expressed herein in terms of Fe : 03 in accordance with standard practice. 
This, however, does noc imply that all iron is actually in the from of Fe 2 0 3 . 
Likewise, the amount of iron in the ferrous state is reported herein as FeO, even 

20 though all ferrous state iron in the glass may not be in the form of FeO. Tne 

proportion of the total iron in the ferrous state (i.e., FeO) is used to determine the 
redox state of the glass, and is expressed as the ratio FeO/ Fe 2 0 3 , which is the 
weight percentage (%) of iron in the ferrous state (expressed as FeO) divided by the 
weight percentage (%) of total iron (expressed as Fe 2 0 3 ). Thus, Fe 2 0 3 herein means 

25 total iron and FeO means iron in the ferrous state. According to certain 

embodiments of this invention, the colorant portion of [he glass composition herein 
is characterized by a redox value (i.e., FeO/ Fe 2 0 3 ) of from 0.10 to 0.25, more 
preferably from 0. 13 to 0.20. 
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Moreover, it is noted that glass according to ifais invention is onen made via 
the known float process in which a an bach is utilized. It will thus be appreciated by 
those skilled in the art that as a result of forming the glass. on molten tin in certain 
exemplar/ embodiments, small amounts of tin or tin oxide may migrate into surface 
5 areas of the glass on the side that was in contact with the tin bath during 

manufacture (i.e., typically, float glass may have a tin oxide concentration of 0.05% 
or more (wt.) in the first few microns below the surface that was in contact with the 
tin bath). 

Glasses of this invention, as stated above, achieve a true grey or neutral grey 
10 color, as opposed to bronze or other coloring. Such a true "grey" color is best 
defined as aforesaid by referring to the two characteristics of: (1) ft dominant 
wavelength", and/or (2) "excitation purity.'' In certain embodiments, glasses herein 
include one or more of the following CUE LAB color coordinates [HL C 2 degree 
observer] when measured at a nominal thickness of from about 1mm - 6mm (and 
15 preferably for most uses, at about 3mm - 4mm): 

L* about 86 -91 
a* about -2.4 to +3.0 
b* about -5.0 to +2.0. 
When used in the automotive market for windows and/or windshields that 
20 must conform to certain minimal visible light transmission properties, glass articles 
of this invention (e.g., at 3 mm thicknesses for purposes of reference) preferably 
have an Lta of at least 70% and in certain embodiments at least about 72%, and in 
still further instances at least about 73%; an ER transmission percentage (%) of no 
greater than 46%, more preferably no greater than 42%, and most preferably from 
25 33-42%. Additionally, in certain exemplary embodiments, glasses herein have a 
UV transmission percentage (%) of no greater than about 43%, more preferably no 
greater than 40%. 

The glasses of this invention achieve the above unique characteristics (i.e., 
desired grey color in combination with desired solar management properties, e.g.. 



Lia. UV, IR) in base glasses (e.g., silicate glasses such as sotia-iime-siiica, or 
borosilicate glasses) through [he use of the unique coioranc portion which includes 
from 0.25 to 0.50% total iron ( expressed as Fe 2 0^ in combinadon with a reladvely 
low amount of erbium oxide (&2O3). i.e.. from 0.50 co 1.20 % Er : 03. Erbium acts 
5 as a pink colorant, while the FeO aspect of the total iron acts as a blue colorant. As 
discussed above, selenium and cobalt are also utilized in the colorant portion for 
coloration purposes. In particular, lower amounts of total iron are used in the 
colorant portion of glasses herein relative to the examples in EP 1 041 050. In view 
of the amount of FeO at this lower total iron level it has been found that lower 
10 amounts of the costly Er 2 C>3 are appropriate in order to achieve the desired grey 
coloration (i.e., 0.50 to 1.20 % Er^CVj. It has also been found that the lower 
amounts of total iron may be compensated for by the use of the Se/Co color pair to 
induce additional absorption and improve grey coloration. 

With regard to Se. in certain embodiments Se may be introduced into the 
15 glass batch in amounts of, for example, from 10-20 ppm. In order to increase 

retention of Se and to improve homogeneity of the glass through a more uniform Se 
distribution in the melt, compositions of this invention may use various sources of 
Se, such as sodium and/or calcium seienites, iron and/or cobalt seienides. and/or 

metallic Se-powder-r -Moreover— wM-le-Se-oHen-eombmes^ — 

20 (FeSe) in glass to produce brown color, and does so in certain embodiments of this 
invention, selenium is referred to in the colorant portion herein as "Se*" which is 
meant to include, for example, its state as Se as well as its state in glass as FeSe. 
While the use of Se is preferred in the colorant portion as discussed above, it is 
noted that in some embodiments Se need not be present. Thus, in some 
25 embodiments, the colorant portion may 'include Se in the amount of 0.0 to 0.0010 % 
by weight, more preferably from 0.0002 to 0.0010 ?c. 

Regarding cobalt (Co), this blue colorant may be added to the glass batch in 
amounts of, for example, 10-30 ppm. Moreover, it is believed that much of the 
cobalt in the glass is in the oxide state of C03O4. However, other oxide states such 
30 as CoO are also possible in glasses according to this invention. Thus, unless 
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expressly stated to the contrary, the term "CosO/ as used herein includes not only 
cobalt in this particular oxide state, but also includes co.bait which may be present in 
other oxide state(s) such as CoO. 

EXAMPLES 

5 The glasses of this invention may be made from batch ingredients using well 

known glass melting and refining techniques once given the above final glass 
analysis. For example, in a single, conventional batch technique for melting, the 
- following base glass batch was used for the two Examples herein (note: the below- 
listed ingredients in the batch will add up to 100% by weight once oxides thereof 
10 are accounted for: thus, they need not add up to one hundred as raw materials): 

Batch Ingredient for Base Glass Parts bv Wr. 
sand 71.5 
soda ash 23.7 
dolomite 18.32 
15 limestone 6.1 

Epsom salt 0.9 

Sucrose 0.3 



In addition to the base glass materials above, the colorant portions for 
Examples 1 and 2 herein are as follows (wL % of total glass): 

20 Compound Example 1 Example 2 

total iron (Fe 2 0 3 ): 0.46 0.47 

Er 2 0 3 : 0.75 0.75 

Se: 0.0003 0.0004 

Co 3 0 4 : 0.0012 0.0010 



25 Solar characteristics for the Example 1 glass were as follows: 
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EXAMPLE 1 SOLAR CK\RACTERISTICS 
Thickness (mm): 3 mm 4 mm 

%Lta: 71.8% 67.2% 

%IR: 41.7% 36.3% 

a* 2.05 2.46 

b* 0.38 0.54 

Solar characteristics for the Example 2 glass were as follows: 

EXAMPLE 2 SOLAR CKARACTERISTICS 
Thickness (mm): 3 mm 4 nun 

% Lta 73.2 % 68.8 % 

% JR 41 % 33 % 

a* 1.05 1.21 

In manufacturing these example glasses reference above, the base glass batch 
material together with the colorant portion was melted in a platinum (or alumina) 
crucible at 1500 degrees C for about four hours, in a laboratory electric melting 
furnace. Thereafter, it was cast into graphite molds, and annealed at 620 degrees C 
for half an hour, and then allowed to cool down to room temperature. The example 
glasses (i.e., samples) were then polished to the desired thickness (i.e., 3 mm or 4 
mm in the Examples above) and spectral measurements above were taken with a 
Perkin Elmer spectrophotometer to determine the light uansmittance in the 
wavelength range from 250 to 2,000 am. The results are set forth in the tables 
above. 
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It is noted chat CLE LAB techniques herein are in accordance with CIE 
Publication 15.2 (1986) and ASTM: E 308-90 [HI. C 2 degree observer]. Moreover, 
luminous aransmi trance (La) [2 degree observer] is understood in the art and is 
used herein in accordance with its known meaning, e.g.. see U.S. Patent No. 
5 5,308, SOS. This term is also known as HI. A visible transmittance (380 - 780 
nanometers inclusive), and its measurements are made in accordance with CIE 
Publication 15.2 (1986)) and ANSI test method Z26.1. The terms, and 
characteristics, of ultraviolet light transmittance (%UV) , infrared energy 
transmittance (%ER), dominant wavelength (DW) and excitation purity (i.e. % 

10 "purity", or Pe) are also well understood terms in the art, as are [heir measurement 
techniques. Such terms are used herein, in accordance with their well known 
meaning, e.g., see U.S. Patent No. 5,308.305. In particular, ultraviolet 
transmittance (%UV) is measured herein using Parry Moon Air Mass = 2 (300 - 
400 nm inclusive, integrated using Simpson's Rule ar 10 nm intervals). IR 

15 transmittance is conventionally measured using Simpson's Rule and Parry Moon Air 
Mass = 2 over the wavelength range S00 - 2100 nm inclusive at 50 nm intervals. 
Dominant wavelength (D W) is calculated and measured conventionally in accord 
with the aforesaid CIE Publication 15.2 ( I9S6) and ASTM: E 308-90. The :erm 
""dominant wavelength- -includes bo&-&e-acmaLmeasure.d 

20 applicable, its calculated complemenc. Excitation purity (Pe or % ''purity'') is 
measured conventionally in accordance with CIE Publication 15.2 (1986) and 
ASTM: E 308-90. 

It is noted that according to different embodiments of this invention, glass 
compositions herein may be manufactured via single batch melting techniques, or 

25 alternatively via multiple pre-batch mixing techniques utilizing separate pre-batch 
mixes that are ultimateiv mixed together to make uu a final overall batch mixture. 
For example, in the latter approach, one of the prebatch mixes could be made up of 
the iron-containing ingredient (e.g. rouge) along with SiO (silicon monoxide) and 
optionally, metallic Si (i.e. the reducing agents), and preferably some of the sand. 

30 The remaining batch ingredients can then be made up by admixing them in another 
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separate prebatch mix or into two or more prebatch mixes before admixing [hem 
with the iron and reducing agent-containing first prebatch mix. After each separate 
prebatch mix is separately mixed, to form a substantially homogenous powdered 
admixture, the two or more prebatch mixes are mixed together to form the overall 
5 (or final) batch mixture. Conventional melting and re finin g techniques are then used 
to form a molten glass from which flat sheet glass or other articles may be formed. 

Once given the above disclosure many other features, modifications and 
improvements will become apparent to the skilled artisan. Such features, 
modifications and improvements are therefore considered to be a part of this 
10 invention, the scope of which is to be determined by the following claims: 
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WHAT IS CLAIMED IS: 

1. A grey colored glass composition comprising: 
a base glass portion comprising: 



Ingredient 


wt % 


S1O2 


67 - /D % 


Mo r\ 
iNa2U 


1 n ic\ or 


LaU 


C 1 c or 

0 — Id % 


MgU 


A r c? 




A > 
U — ' J /O 




0 — 5 % 


BaO 


0 - 1 % 


colorant portion consisting essentially 


or: 


total iron (expressed as Fe 2 0;:) 


0.35 co 0.50 % 


Er 2 0 3 


0.50 to 1.20% 


Se 


0.0002 co 0.0010 % 


C03O4 


0.0007 co 0.0013 % 


'TxO z 


0.0 co 0.15 % 


B„0 3 


- 0.0 co 1.5 %. 



wherein the grey colored glass has a dominant wavelength in the range of from 
435 mn to 570 nm. 

2. The glass composition of claim 1, wherein the glass has an excitation purity 
(Pe) of no greater than about 4.5%. 

3. The glass composition of claim 2, wherein said dominant wavelength and 
excitation purity are measured at a nominal thickness of the glass of anywhere from 
3mm to 4mm. 



4. The glass composition of claim 1. wherein the glass composition is 
substantially free of cerium. 
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The glass composition of claim 4 7 wherein the glass composition is 



substantially free of nickel. 

6. The glass composition of claim 1, further comprising a redox value FeO/ 
Fe : 0 3 of from 0.10 to 0.25. 

7. The glass composition of claim 6, wherein the redox value FeO/ Fe 2 0 3 is 
from 0.13 to 0.20. 

3. The glass composition of claim 1, wherein the glass has a visible 
transmission Lta of at least about 70%. 

9. The glass composition of claim S, wherein the glass has an IR transmission 
of no greater than about 46%. 

10. The glass composition of claim 9, wherein the glass has an IR transmission 
of no greater than about 42%. 

11. The glass composition of claim 10, wherein the glass has a UV transmission 
of no greater than 40%. 



12. The glass composition of claim 1, wherein the glass has a color 
characterized as follows when measured according to EH, C, 2 degree observer, CUE: 



a* 



from -2.4 to +3.0 



b* 



.from -5.0 to +2.0. 



13. A grey colored glass composition comprising: 



Ingredient 



Wt.% 



SiO, 



67-75 % 



Na 2 0 



10-20% 



CaO 



5 - 15 % 
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MaO 



0-5% 



AI2O3 



0-5% 



0-5 % 



BaO 



0-1 % 



total iron (expressed as FeiOs) 
Er 2 0 3 



0.50 to 1.20 % 



0.35 to 0.50 % 



Se 



0.0002 to 0.0010 % 



C03O4 



0.0007 to 0.0018 % 



TiOo 



0.0 to 0.15 % 



B2O3 



0.0 to 1.5 %. 



14. The glass composition of claim 13, wherein the glass composition is 
substantially free of cerium. 

15. The glass composition of claim 13, wherein the glass has a dominant 
wavelength in the range of from 435 am to 570 run. 

16. The glass composition of claim 13, wherein the glass composition is 
substantially free of nickel. 

17. The glass composition of claim 13, wherein the glass has an excitation 
purity (Pe) of no greater than about 4.5% . 

18. The glass composition of claim 13, further comprising a redox value FeO/ 
Fe 2 0 3 of from 0.10 to 0.25. 

19. The glass composition of claim 13, wherein the glass has a visible 
transmittance Lta of at least 70%, and an IR transmission of no greater than 42%, as 
measured at a glass thickness anywhere from about 3 to 4 mm. 

20. A glass composition comprising: 
a base glass composition; and 

a colorant portion consisting essentially of: 
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total iron (expressed as Fe 2 0 3 ) 0.35 to 0.50 % 

Er 2 0 3 0.50 to 1.20% 

Se 0.0002 co 0.0010 % 

CosOi 0.0007 co 0.0018% 

TiO : 0.0 to 0.15 % 

B 2 0 3 0.0 co 1.5 %. 

21. The glass composition of claim 20, wherein the base glass composition 
comprises one of a soda-lime-silica base glass composition and a borosilicate base glass 
composition. 

22. The glass composition of claim 20, wherein the glass composition is 
substantially free of cerium, and wherein the glass has a dominant wavelength in the 
range of from 435 nm to 570 nm. 

23. A glass composition comprising: 
a base glass composition; and 

a colorant portion comprising: 

total iron (expressed as Fe 2 0 3 j 0.35 co 0.50 % 

Er 2 0 3 0.50_to_L20_% . 

Se 0.0002 to 0.0010 % 

Co 3 0 4 0.0007 to 0.0018 % 

TiO : 0.0 to 0.15 % 

B 2 0 3 0.0 to 1.5%. 

24. The glass composition of claim 23, wherein the glass composition is 
substantially free of cerium and nickel. 

25. The glass composition of claim 23, wherein the glass is grey in color and 
has a dominant wavelength of from 435 nm to 570 nm. 



26. A grey colored glass composition comprising: 
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a base glass portion comprising: 

Ingredient wt. % 

SiO : 67 - 75 % 

Na 2 0 10 - 20 % 

CaO 5 - 15 % 

MgO 0 - 5 % 

A1 : 0 3 0-5 % 

K 2 0 0-5% 

BaO 0-1% 
and a colorant portion comprising: 

total iron (expressed as Fe 2 0 3 ) 0.35 to 0.50 % 

Er 2 0 3 0.50 to 1.20 % 
wherein the grey colored glass has a dominant wavelength from 435 nm to 570 
nm, and an excitation purity (Pe) of no greater than about 4.5%. 

27. A glass composition comprising: 
a base glass composition; and 

a colorant portion consisting essentially of: 

total-iron texpressed-as-Fe 2 03-) 0t3-5- to-0r50-% 

Er 2 0 3 0.50 to 1.20 % 

Se 0.0 to 0.0010 % 

C03O4 0.0007 to 0.0018 % 

Ti0 2 0.0 to 0.15% 

B 2 0 3 0.0 to 1.5%. 

28. The glass composition of claim 27, wherein Se is from 0.0002 to 0.0010 %. 

29. A glass composition comprising: 
a base glsiss composition: and 

a colorant portion comprising: 

total iron (expressed as Fe ; 0 3 ) 0.35 to 0.50 % 

Er : 0 3 0.50 to 1.20 % 
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Se 0.0 to 0.0010 % 

C03O4 0.0007 to 0.001 S 

TiO; 0.0 to 0.15% 

B2O3 0.0 to 1.5%. 



